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ABSTRACT.—This paper summarizes development of a neural network and Geographic Information System
decision support system (NNGIS-DSS) microcomputer application designed to help forest managers to predict tree
response to forest fertilization operations in the Central Washington Region of the Inland Northwest. This system
uses distinct software packages within an integrated personal computer development environment using Visual
Basic as the front-end user interface. First, the user can consult any geographic region of interest for which tree
growth response attributes exist. Values are then input from an ASCII file or from an Excel spreadsheet. Once the
region is chosen, the mathematical computation is performed that converts the data into a matrix format through
Excel LINK. The computations are accomplished to facilitate MATLAB and its Neural Network Toolbox
execution. At this point, a combination of ecological and tree growth response input and output data for Douglas-
fir tree species are simulated based on an already trained neural network architecture that predicts tree volume
growth response, volume in cubic feet per acre, resulting from 200 or 400 pounds of nitrogen fertilizer applied per
acre. Once the network is trained the user specifies the inputs from inventory, and the program computes
appropriate output values. These same user inputs are also spatialy queried through MapObjects. Next, arelated
operation within aMS Access data base table, an Excel worksheet, and a MapObjects table (associated with a stand
map layer inside the region boundaries) is achieved. This results in geographic stand location and visualization,
and serves for data analysis and interpretation. Finally, the system produces outputs that include maps, tables,
graphs, and a summary report. The communication among the different software is intended to be transparent to
the user as accomplished by Visua Basic and MATLAB programming code. Development of this microcomputer
application isin its early stages.

INTRODUCTION

Decision support systems (DSS) can be very useful for making forest management decisions. DSS vary in scale,
design, field of interest, model development, and evaluation. In the Inland Northwest, two well known existing
decision support systems in forestry are FORPLAN and the Forest Vegetation Simulator (FVS). In national and
private forest planning, FORPLAN has been a useful tool to help forest managers plan future operations. This
software uses linear programming for system functional resource planning to reach an optimal solution based on
decision variables and operational constraints (Johnson 1986; Iverson and Alston 1986; Kent 1989). FV'S, the
former PROGNOSIS model, is an individual tree-distance independent growth and yield model that uses forest
inventory input data to project the development of forest stands over time. It allows stand comparisons of simulated
silvicultural prescriptions and can be used to produce managed stand yield tables. Currently, Landscape
Management System (LMS) is being developed by the University of Washington. It groups pieces of software to
bring management, summarization, and visualization about forest stands at a landscape management level (Oliver
1996).

DSS technologies have been applied in agriculture and forestry with great success, but still these systems need to
evolve to better serve users expectations. Around the world, decision support systems dealing with agricultural
fertilization operations have been developed in the form of expert system technologies. A computer application
designed to advise farmers to predict the amounts of phosphorous, sulphur, and potassium fertilizers was devel oped
by Lakhan et al. (1996) for use on the South Island of New Zealand. ENID is an expert system for fertilizer
prescriptions that mixes explicit and implicit knowledge into aformat helpful to forest managersinvolved in
plantation nutrition in the Cape Province of South Africa (Payn et al. 1989). Stage et a. (1990) added a routine to
the Prognosis Maodel for Stand Development that predicts tree growth response to fertilization applications of 200
Ib. nitrogen.
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The current project includes both quantitative and qualitative (forestry expert's knowledge) data as the basis for a
computer application to assist in making forest fertilization management decisions in the Inland Northwest. The
Intermountain Forest Tree Nutrition Cooperative (IFTNC) has begun to formally structure the fertilization
operations decision-making process resulting from extensive data gathering and analysis through the past 15 years.
The development of an expert system for forest fertilization based upon both a knowledge-based and quantitative
data interpretation and analysis is the focus of this research. A spatial component is aso incorporated to
understand ecological input data processes and management. The entire approach is designed under the premise of
input, process, and output system components. Initially the Central Washington region is used as prototype area for
system data gathering, interpretation, and analysis. It also includes a Boise Cascade Corporation ecosystem
management area utilized for system evaluation and testing. The project deals with the design and use of an
integrated computer development environment that includes artificial intelligence, relational data bases, and
Geographic Information Systems technologies to predict response to operational forest fertilization. The system
predicts Douglas-fir growth response for a 6-year period and locates forest stands for fertilization operations based
on treatments of 200 and 400 |b. of nitrogen per acre. The system is site specific, flexible to updates as new data
are acquired, and provides for rapid computer prototype devel opment.

Specific objectives are:

- Determine the type of computer deployment or development platform on which the system will be based,
Accomplish automation of the product with the latest and state-of-the-art integrated devel opment
programming software including an easy to use Graphical User Interface (GUI),

Employ a mathematical modeling approach methodology that will be used and implemented in the
modeling component of the system,

Design a system architecture that explains the system flow components and connectivity,
Incorporate Relational Database Management System (RDBMYS) for system operation, analysis, and
reporting, and

Create an application demonstration outlining the main components of the system prototype.

This research project isawork in progress at itsinitial stage and it will be expanded to produce a finished
prototype. Following are some of the tasks accomplished to fulfill the above objectives.

METHODS

Study Area

The input/output data set from 17 IFTNC installations (a six-plot layout per installation) to model the system
comes from the Central Washington region of the Inland Northwest. This region comprises both the Central
Washington North and South sub-regions of the IFTNC. The evaluation and testing data set is the Teanaway
ecosystem management area of Boise Cascade Corporation covering an area of 50,000 acres. A map of the study
areais shown in Figure 1.



Figure 1.—Map of the Central Washington North and South regions and the Teanaway ecosystem management
area

Data Collection

Data collection includes quantitative and qualitative parameters pertaining to the above study area. The attribute
values are from a designed fertilization control system (Avila1997), entailing four main types of data: forest stand
structure, forest stand diversity, individual tree measurements, and forest site quality characteristics. The
input/output attribute list is given in Table 1.



Table 1.—Central Washington input/output attributeslist, their units, and
sour ces used to develop and parameterize the prediction

Description Units Source
Inputs
Longitude Decimal degrees GPS'
Latitude Decimal degrees GPS
Elevation Feet GPS
Aspect Degrees IFTNC data base
Slope Percentage IFTNC data base
Initial trees Trees per acre IFTNC data base
Initial basal area Square feet per acre IFTNC data base
Initial volume Cubic feet per acre IFTNC data base
Initial mean diameter Inches IFTNC data base
Crown competition factor Numeric IFTNC data base
Relative density index Numeric IFTNC data base
Site height Feet IFTNC data base
Species Composition
Douglas-fir Percentage IFTNC data base
Grand Fir Percentage IFTNC data base
Ponderosa Pine Percentage IFTNC data base
Lodgepole Pine Percentage IFTNC data base
Western Larch Percentage IFTNC data base
Western red cedar Percentage IFTNC data base
Western Hemlock Percentage IFTNC data base
Vegetation Series
Grand Fir String IFTNC data base
Douglas-fir String IFTNC data base
Western Hemlock String IFTNC data base
Rock Type
Volcanic String GIS'™ data base
Sedimentary String GIS data base
Plutonic String GIS data base
Potassium level K20 % content GI S data base
Nitrogen rate Pounds per acre IFTNC data base
6-year Net tree vol. (Control) Cubic feet per acre IFTNC data base
Outputs

6-year Net basal area response Square feet per acre  IFTNC data base

"Global Positional Systems
"Geographic Information Systems
System Development

NNGIS-DSS is designed and operated in a Personal Computer (PC) environment and it can be used under
Windows NT 4.0 workstation or Windows 95 operating systems. A Pentium 100 or higher machine for running



timeisrequired. Also, 32 Megabytes of random access memory (RAM) is the minimum requirement for the
efficient system performance. This application uses distinct software packages within an integrated computer
development environment. The system design comprises three main module components: mathematical, data base,
and visualization.

System Caodification

Communication among the distinct software packages is intended to be transparent to the user accomplished by
Visual Basic version 5.0 (VB5), a Microsoft desktop Integrated Devel opment Environment (IDE) product. VB5 is
used as the front-end user interface for the application project. The new features of VB5 that include wizards, value
tips, statement completion, and new object browser (Fawcette 1997) will significantly improve the fertilization
assessment tool programming capabilities throughout a harmonized design process including Data Access Objects
(DAO), Object Linking and Embedding (OLE), and Dynamic Data Exchange(DDE) protocols. MATLAB version
4.2c.1 (MathWorks 1996) plus its Neural Network Toolbox version 2.0b (Demuth and Beale, 1995) will bring the
artificia intelligence features into the system for an effective, powerful, and cutting-age mathematical modeling
approach. MapObjects (ESRI 1996) is a set of mapping software components that will be able to add the stand
location and visualization component plus data connection, analysis, and management.

Neural Network and Geographic I nformation System Decision Support System (NNGIS-DSS)

Following is an explanation of the system design flow architecture. This section explains and illustrates the
NNGIS-DSS fertilization prediction tool. Using the stand as the unit of measurement and quantification, NNGIS-
DSSwill help to predict and locate forest fertilization opportunities based on users input. The NNGIS-DSS
communication design architecture is diagrammed in Figure 2 .

Geographic [INTEGRATED DATABAA
Regions | GIs, TREE GROWTH, ETC.
Excel sheet
CWA Database| Excelsheel [, .o vaTLAB
Development
ASCII file

NNT Training
Dat

VB5

Excel/MATLAB
MSAcces
MapObjects

Outputs:

Tables No
Graphs
Maps




Figure 2—Neural Network and Geographic Information System Decision Support System (NNGIS-DSS)
communication architecture showing the linkages among various software and data bases within the Forest
Fertilization Decision Support System.

The system isfed by an integrated input data base (Avila, 1977) which comprises data from any of the geographic
regions of interest. Two types of data bases are included in the system: quantitative and qualitative. The
guantitative data involve attribute values from each of the fertilization control system sub-components derived from
both field data collection and some literature sources, as well as spatial attribute data from both Geographic
Information Systems and Global Positional Systems data bases (see Table 1). The qualitative data base
encompasses knowledge-based data from experts involved in silviculture operations and research that reinforces
system interpretation and analysis.

How does the system operate? To start training the network, MATLAB requires the data input/output formatted
either asaplain ASCII file or as an Excel sheet. The Excel sheet format is recommended because it communicates
with MATLAB as a dynamic data exchange (DDE) server, which is accomplished by an extension to Excel called
Excel Link (MathWorks 1996). The first shade box (Fig. 2), NNT training data set, is the Neural Network Toolbox
engine that computes the input/output parameters for training the network. An explanation of the methodology for
training the network parameters for Central Washington datais provided in Avila et al. The mathematical module
already interpreted, analyzed, and tested for system functioning, predicts tree growth response based on 200 and
400 pounds of nitrogen per acre during a six year period. Once training has occurred, the system is ready to
compute prediction results based on user inputs. The second shade box ( Fig. 2), includes the prediction component
(desired outputs), plus the relational data bases to move between M S Access, and MapObjects used for system
information management, analysis, and visualization. This component is still under devel opment.

The system architecture shown in Figure 2, exhibits the system functionality that brings effectiveness and
achievement between data base and software components. The Visual Basic programming system provides the
tools that allow creation and display of easy and robust applications through the development of user friendly
graphical user interfaces.

RESULTS

The following sections explain the progress achieved up to now with respect to the main parts of the prototype
under development. NNGIS-DSS embodies a set of interactive and structured interfaces that guides one through
each module or component. The application design encompasses the standard Windows Application Programming
Interface (Win API) environment for easy and simple use. Each modular window contains a set of buttons that
perform operations on run time. The first window, which starts the consultation per se, begins by asking the user
the geographic area of interest. The window that chooses the IFTNC geographic region for training and simulation
isshown in Figure 3.
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Figure 3.—The window from the fertilization decision support system that selects the geographic region used to
train and simulate the neural network mathematical model.

The window (choosing an IFTNC Inland Northwest region for training) consists of nine pieces of information
denoting the geographic regions already designed for system functioning and analysis. Each geographic region
retains its own input/output attribute values for system training and simulation. There is also an exit button to end
the consultation if desired at this point. Central Washington North and South regions use the same data set for
training; that is, they poll the Central Washington region data set (see Fig. 1). To enter the region of interest, the
user places the cursor on aregion box and clicks the left mouse button thus activating a window where the attribute
data reside to conduct the training. The process is further explained in the following section.

Mathematical
The window (Central Washington NN training) shows the events that begin the network training, system inputs

editing from field data collection, and simulated outputs computational process. The window also shows an Excel
OLE control, plus two other buttons: Teanaway GIS data base and start a new consultation.
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Figure 4. The window from the fertilization decision support system that shows the Central Washington region
input and output data set used to train and simulate the network.

The network training process constitutes the following action buttons: the training of the network, the user input
box, and run the simulation events that predicts tree growth response. Asits name indicates, "the train the
network" button triggers the event that places the Excel sheet datainto MATLAB matrix format to initiate the
neural network learning and training. The "user input box" button, brings in the user's input attribute form that can
be modified by entering new input data values to begin the system prediction computation. The "run the
simulation” button allows computation of target output values which will then be used in the fertilization decision
criteria.

Using an OLE container control, we are able to display and manipulate data from Microsoft Excel spreadsheet. For
example, if the user wants to see how the spreadsheet having the data input and output for the Central Washington
region is formatted, they can double click on the Excel Cwa icon for a closer look ( Fig. 4). The flexibility of the
application is noted here because the user can edit the worksheet by updating cells as new data are acquired. If new
data are gathered that entail new attributes (fields), then re-training the network is recommended; otherwise, if just
cell values are changed, re-training is not required. The Excel sheet that exhibits part of the Central Washington
region input/output data set is shown in Figure 5.
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Figure 5.—The Microsoft Excel window from the fertilization decision support system the shows the Central
Washington region worksheet input/output data set.

In this module, if the user desires to try a new data set, they can click the "start a new consultation" button that
allows access to the window for choosing a geographic region for training.

Visualization component

The stand location and visualization moduleis illustrated in this section. Since the Teanaway ecosystem
management area data has been used for system evaluation and training demonstration, there is a button that
connects directly to the Teanaway GIS data base (Fig. 4). However, the system can also open a directory window to
look for a desired map layer file. The Teanaway GIS data base was provided by Boise Cascade Corporation. The
stand location and visualization process starts once the output result is computed; thet is, after a user reports the
inputs, a spatial query operation will also select those attributes already elucidated on the dbase table associated
with the map layer of interest (Fig. 6).



MapObjects

Book1.xls
Stand_key Acres Pre_Cu.ft/a| Tot_Cuft
40201290 85.60 1075.2 92037.1
w 40104230 377.40 925.6 1666.1
40301010 256.60 796.2 204304.9
i 40104310 54.70 1205.7 65951.8
Shape file 40303360 5.80 894.3 5186.9
WDF 4
Table.dbf
Area Perimeter | Stand# | Stand-ID | Habitat|| K_level Rock_type | Elevation | Aspect | Slope| Stand key
346408.00 | 3355.40 2 1 DDF Low Sedi tary | 2400 2 20 40201290
1527312.61 360.35 3 2 WDF < | Medium Basalt 2500 5 10 40104280 <
1038239.00 | 9467.48 4 3 WGF Medium Basalt 2700 9 40 40301010
221484.10 | 3396.69 5 4 WWH High Plutonic 2900 4 60 40104310
23631.60 854.69 6 5 DGF Undetermined | Mixed 2400 3 35 40303360
Table2.mdb
STANDCLS | MAJSP| SIZE| STOCK| SP2
G23d G 2 3 d
Tablel.mdb W23g w 2 3 P
Stand_key MBF_AC | LOGSYS | CRNCLS | STANDCLS D33p D 3 3 p
G21d G 2 1 d
40201290 3.00 grd1 60 D32p
D32 D 3 2
40104280 13.00 grd2 10 D33p R L
40301010 5.60 cbl1 40 G21d Table3.mdb
40104310 18.60 grd2 80 W21g STANDCLS | MAJSP | SIZE| STOCK | SP2
40303360 0.50 grdi 25 D32p/G21d 4—\_>
D32p/G21d G 2 1 d
G22p/D33p | D 3 3 p
W21g/D42p | D 4 2 p

Figure 6.—Related operation between an Excel worksheet, data base table, and a table associated with the forestry
stand map layer from the fertilization decision support system.

When a user clicks on the Teanaway GIS data base button on the Central Washington NN training window (see
Fig. 4), it produces the stand-map layer Teanaway ecosystem management study area containing polygon attribute

information (see Fig. 6, Table.dbf).

One important feature of the stand location and visualization procedure is that when the user queries the inputs:
longitude and latitude, the x and y points will be located on the map, and this ensures that the data considered are
within the study area boundary of interest; that is, site specific. A quick step to start this processisto perform a
search by distance event in MapObjects as follows: first zoom in the area of interest and by holding the left mouse
button move the cursor to any area, then release, and move just the cursor to draw acircle that selects those stands
falling into the whole or edge boundaries of the drawn circle (Fig. 7).
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Figure 7.—The windows from the fertilization decision support system depicting the Teanaway ecosystem
management stand layer study area that shows the search by distance operation at a narrow and expanded view.

A spatial analysis enhancement to this procedure involves additional information on a particular stand to prescribe

forest fertilization operations, extrainformation on the surrounding stands in the area of the circle will be
available. Thus, the user can extend the search and look at other stands for further assessment and consequently

11



future fertilization decision making. Stands are identified by moving the cursor to any polygon under the circle
area, then clicking the right mouse button and then the left to produce a window prompting the user with the name
of the feature. For this particular demonstration the program is directed to identify habitat type (Fig. 8).

Habitat type

DGF

Figure 8.—The identity window from the fertilization decision support system that shows the habitat type attribute
elucidated for fertilization decision making.

After the spatial query is done, the next step is to combine adjacent stand attribute information with other tables for
system reporting and analysis. The relate operation between Table.dbf and Book1.xIs will be achieved to capture
information on tree growth prediction, and combined with Tablel.mdb for operational and logistic actions to
conduct forest fertilization. At this point during the consultation process, a multiple criteria priority for stands
fertilization operation emerges. For instance, the selected stands will vary in terms of accessibility, silvicultural
treatments, stand age, acreage, predicted volume per acre, harvest priorities, and perhaps other restrictions to forest
practices that influence the way fertilization operations are conducted. Thus, Tables Book1.xls and Tablel, 2, and
3.mdb will serve asinput data for further development of the software which includes the fuzzy logic module to
cope with these new set of fuzzy questions. The Teanaway stand attribute data triggered by the "Access data base"
button on the Teanaway Database window of Figure 7 isshown in Figure 9.

im. Teanaway stand attributes I
IC: ||-|
STOEEY_I1: |4|:|-| 00250
HABITAT: iDDF
K_LEYEL: |Medium
ROCK_TYPE: iSedimentar_l,l
| Delete | Befregh | Update | Cloze I

Figure 9.—The window from the fertilization decision support system that shows the Teanaway ecosystem
management area stand attribute data.

Outputs

The outputs from the Decision Support System consist of hard copy maps, tables, graphs, and a short report. This
part of the application will help decision-makers compare different stands elucidated and to conduct a priori
judgments for fertilization operations.

CONCLUSIONS

NNGIS-DSS comprises a powerful and sophisticated information data management and analysis tool that will
bring a synergistic relationship between data, maps, and end users.
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It isflexible (can be upgraded and re-trained as new data are acquired), simple, and straight-forward to use
under a Microsoft windows environment.
It uses commercial software available in the market.
An expansion to this research project will include:
1. A fuzzy logic module for multiple decision making criteria.
2. Incorporation of new multirate fertilization treatment data into the input/output data set and re-
training of the network.

3. Testing and validation of the system with real case study data collected from the Teanaway ecosystem
management area.

4. Integration with other DSS such as FORPLAN or FVS

5. Inclusion of on-line documentation to access information on any desired feature of the software.

6. Incorporation of Internet functionality into the application.

7. Distribution of the finished application by creating a .EXE file through a run-time dynamic-link

library (DLL).
8. System reporting and documentation.

This demonstration exercise gives afirst insight into the automation process to conduct fertilization operationsin
the Central Washington region. Further software design and development is needed. This or any future
enhancement to this application is not intended to replace foresters; on the contrary, it is intended to be used as a
supporting tool for decision making bringing an efficient, quick, real time, and state-of-the-art fertilization support
instrument in the Inland Northwest.
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